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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to semiconductor fabrication machines and equipment, 
and relates to the semiconductor fabrication machines and equipment which introduce process gas in 09 
vacuum tubs, such as an etching system and thin film deposition equipment; and process a substrate rfl 
especially. a 
[0002] 

[Description of the Prior Art] With an etching system or thin film deposition equipment, process gas is ^ 
introduced in a vacuum tub, the plasma etc. decomposes, and the substrate is processed using the active ^ 
species generated by that cause. Since this vacuum tub was evacuated using the exhauster so that the 
interior might be maintained by the fixed degree of vacuum, the rate of the gas which serves as active 
species actually among the process gas introduced in the vacuum tub, and is used for a reaction with a 
substrate was not filled to 1%, either, but most was discharged by the exhauster outside, without being ^ 
used for a reaction. For this reason, the utilization effectiveness of process gas was remarkably bad, and O 
had become the cause to which a production cost is made to increase. Q 
[0003] 

[Problem(s) to be Solved by the Invention] It aims at this invention having been made in consideration 
of the above-mentioned actual condition, raising the utilization effectiveness of process gas in the 
semiconductor fabrication machines and equipment which process a substrate under reduced pressure 
ambient atmospheres, such as an etching system and thin film deposition equipment, and aiming at 
reduction for a production cost. 
[0004] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the semiconductor 
fabrication machines and equipment of this invention are equipped with a vacuum tub, an exhaust air 
means to exhaust and decompress the interior of a vacuum tub, a process gas supply means supply 
process gas to the interior of a vacuum tub, and an intermediate bulb, and are equipped with the 
recirculation line which carries out the recirculation of a part of gas exhausted by said exhaust air means 
inside said vacuum tub from the exhaust side of said exhaust air means. 

[0005] Moreover, although two or more exhaust air means are arranged, these are connected to a serial 
in the semiconductor fabrication machines and equipment with which whenever [ high vacuum ] is 
demanded and the inside of a vacuum tub is evacuated In such a case, a recirculation line is established 
in the interior of said vacuum tub at the appearance which carries out the recirculation from the near side 
of the second exhauster by which a part of gas exhausted by the first exhaust air means directly 
connected to the vacuum tub was connected to the latter part. 

[0006] Moreover, when the resultant resulting from the reaction of said active species and processed 
substrate is included in the exhausted gas like a plasma etching system, a filter is arranged in the middle 
of said recirculation line, and those resultants etc. are removed from the gas by which the recirculation is 
carried out. 
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[0007] In this invention, by preparing a recirculation line between a vacuum tub (or processing room) 
and the exhaust side of an exhauster, and once carrying out the recirculation of the process gas 
exhausted from the vacuum tub to a vacuum tub again, it becomes possible to raise the utilization 
effectiveness of process gas, and it can reduce the activity material units of process gas. Especially this 
invention is effective in reducing a production cost in the etching system which used the plasma, or thin 
film deposition equipment. 

[0008] Moreover, the configuration of the part which processes the exhaust gas of the semiconductor 
fabrication machines and equipment in that case of the ability to apply the configuration of this 
invention also when processing exhaust gas using the plasma The processing room equipped with the 
generating means of the plasma, and the exhaust air means for [ which exhausted the processing interior 
of a room ] decompressing. It has a bulb in the middle of a processed gas supply means to introduce 
processed gas into the processing interior of a room, and has the recirculation line which carries out the 
recirculation of a part of gas exhausted from the interior of said processing room by said exhaust air 
means inside said processing room from the exhaust side of said exhaust air means. 
[0009] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of semiconductor fabrication 

machines and equipment based on this invention is explained using a drawing. 

(Example 1) Drawing 1 is the outline block diagram of the plasma etching system in which an example 
of semiconductor fabrication machines and equipment based on this invention is shown. 
[0010] This plasma etching system is equipped with the plasma generator of the parallel plate mold 
which consists of the cathode electrodes 102 and the anode electrodes 103 which counter mutually in the 
vacuum tub 101, the nozzle which supplies process gas is included in the anode electrode 103, and 
****** 104 is set on the cathode electrode 102. The gas bomb 111 which is the supply source of process 
gas is connected to the nozzle included in the anode electrode 103 through control-of-flow equipment 
1 12, and RF generator 109 is connected to the cathode electrode through the matching circuit 1 10. 
[001 1] A turbo molecular pump 105 is connected to the vacuum tub 101, and the dry pump 106 is 
connected to exhaust side 105a of a turbo molecular pump. Furthermore, with this equipment, the 
recirculation line 107 is formed between exhaust side 105a of a turbo molecular pump, and the vacuum 
tub 101, and the bulb 108 and the filter 1 13 are arranged while being the recirculation line 107. 
[0012] A part of process gas discharged by the turbo molecular pump 105 is returned to the vacuum tub 
101 through the recirculation line 107 from the interior of the vacuum tub 101. The rate of this process 
gas by which the recirculation is carried out is adjusted by the opening of a bulb 108. Therefore, the 
degree of vacuum in the vacuum tub 101 is adjusted by the supply flow rate of process gas, and the 
opening of a bulb 108. Moreover, an adsorbent high etching product, dust, etc. generated by the reaction 
of process gas and the processed substrate 104 inside the vacuum tub 101 are removed by the filter 113 
arranged in the middle of a bypass line 107. 

(Example 2) Drawing 3 is the outline block diagram of the thin film deposition equipment in which an 
example of semiconductor fabrication machines and equipment based on this invention is shown. 
[0013] This thin film deposition equipment is equipped with the plasma generator of the cathode 
electrode 102 arranged in the vacuum tub 101, and the inductive-coupling mold which consists of 
inductive-coupling mold antennas 201 arranged along with the periphery section of the vacuum tub 101, 
RF generator 109 is connected to the cathode electrode 102 to which a substrate 104 is set through the 
matching circuit 110, and RF generator 203 is connected to the inductive-coupling mold antenna 201 
through the matching circuit 202. 

[0014] With this thin film deposition equipment, like the example shown in drawing 1 , a turbo 
molecular pump 105 is connected to the vacuum tub 101, and tihe dry pump 106 is connected to exhaust 
side 105a of a turbo molecular pump. Furthermore, with this equipment, the recirculation line 107 is 
formed between exhaust side 105a of a turbo molecular pump, and the vacuum tub 101, and the bulb 
108 is installed while being the recirculation line 107. Moreover, the gas bomb 1 1 1 which is the supply 
source of process gas is connected to the vacuum tub 101 through control-of-flow equipment 1 12. 
[0015] A part of process gas exhausted by the turbo molecular pump 105 being retumed to the vacuum 
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tub 101 through the recirculation line 107 from the interior of the vacuum tub 101 and the degree of 
vacuum of being adjusted by the amount of supply of process gas and the opening of a bulb 108 in the 
vacuum tub 101 are the same as that of the example shown in drawing 1 . 
(Example 3) Drawing 5 is the outline block diagram of the thin film **** equipment in which an 
example of semiconductor fabrication machines and equipment based on this invention is shown. 
[0016] This thin film deposition equipment is equipped with the plasma production equipment of the 
parallel plate mold which consists of the anode electrodes 301 and the cathode electrodes 302 which 
counter mutually in the vacuum tub 101, a substrate 104 is set on an anode 301 and RF generator 109 is 
connected to the cathode electrode 302 through the matching circuit 110. Moreover, the nozzle which 
supplies process gas is included in the cathode electrode 302. The gas bomb 111 which is the supply 
source of process gas is connected to these nozzles through control-of-flow equipment 1 12. 
[0017] With this thin film deposition equipment, a booster pump 303 is connected to the vacuum tub 
101, and the dry pump 106 is connected to exhaust side 303a of a booster pump 303. Furthermore, the 
recirculation line 107 is formed between exhaust side 303 a of a booster pvunp, and the vacuum tub 101, 
and the bulb 108 is installed while being the recirculation line 107. 

[0018] A part of process gas exhausted with the booster pump 303 being retumed to the vacuum tub 101 
through the recirculation line 107 from the interior of the vacuum tub 101 and the degree of vacuum of 
being adjusted by the supply flow rate of process gas and the opening of a bulb 108 in the vacuum tub 
101 are tfie same as that of the example shown in drawing 1 R> 1 or drawing 2 . 
(Example 4) Drawing 7 is the outline block diagram of the plasma etching system in which an example 
of semiconductor fabrication machines and equipment based on this invention is shown. 
[0019] This plasma etching system is equipped with the plasma generator of the parallel plate mold 
which consists of the cathode electrodes 102 and the anode electrodes 103 which counter mutually in the 
vacuum tub 101, a substrate 104 is set to the cathode electrode 102, and the nozzle which supplies 
process gas is included in the anode electrode 103. A turbo molecular pump 105 is connected to the 
vacuum tub 101, and exhaust side 105a of a turbo molecular pump is connected to the inlet side of the 
dry pump 106. 

[0020] Furthermore, with this equipment, a bulb 1 16 is formed between exhaust side 105a of a turbo 
molecular pump, and the inlet side of the dry pimip 106, and the recirculation line 107 is formed 
between the upstream of this bulb 116, and the vacuum tub 101. Moreover, the bulb 108 and the filter 
1 13 are installed in the middle of the recirculation line 107. In addition, RF generator 109 is connected 
to the cathode electrode 102 through the matching circuit 110, and the gas bomb 1 1 1 which is the supply 
source of process gas is connected to the nozzle included in the anode electrode 103 through control-of- 
flow equipment 112. 

[0021] Although it is the same as that of each above-mentioned example that a part of process gas 
exhausted by the turbo molecular pimip 105 is retumed to the vacuum tub 101 through the recirculation 
line 107 from the interior of the vacuum tub 101, unlike each above-mentioned example, with this 
equipment, the degree of vacuum in the vacuum tub 101 is adjusted by the opening of the amount of 
supply of process gas, a bulb 108, and a bulb 1 16. 

[0022] The process of etching of having used this equipment for below is explained. First, the inside of 
the vacuum tub 101 is exhausted using a turbo molecular pump 105 and the dry pump 106. Next, 
process gas is supplied into the vacuum tub 101, and the inside of the vacuum tub 101 is set as a 
predetermined degree of vacuum. The supply flow rate of process gas is adjusted only to the part 
equivalent to the amount consumed by the reaction with a substrate, and the bulb 1 16 of the inlet side of 
the dry pump 106 is shut at the same time it generates the plasma using the plasma generator of a 
parallel plate mold. At this time, the process gas discharged by the turbo molecular pump 105 passes 
along the recirculation line 107, and flows in the vacuum tub 101 again. In addition, an adsorbent high 
etching product is removed with the filter 116 arranged in the middle of the recirculation line 107, and 
does not flow in the vacuum tub 101 . Therefore, in the process of etching, it becomes unnecessary to 
operate the dry pump 106, and the consumption of process gas can also be controlled fiirther to the 
minimum. 
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[0023] Furthermore, by using the matter which has a catalysis as this fiher 116, for example, Pt 
(platinum), nickel (nickel), Au(gold), etc., an etching product can be re-decomposed and it can change 
into process gas and a substrate ingredient. Although process gas flows again in a vacuum tub among 
this, a substrate ingredient is adsorbed by the filter 116 concerned and does not flow in a vacuum tub. 
Thereby, it becomes possible to decrease the consumption of process gas substantially. 
(Example 5) Drawing 8 is the outline block diagram of a downflow etching system showing an example 
of the semiconductor fabrication machines and equipment of this invention. 

[0024] This equipment is equipped with the discharge room 806 and the substrate processing room 808, 
and both ** are connected through the quartz tube 807. The discharge room 806 is held into the cavity 
805 which generates microwave, and the microwave power source 804 is connected to the cavity 805. 
Moreover, the gas bomb 111 which is the supply source of process gas is connected to the discharge 
room 806 through control-of-flow equipment 1 12, The shower head 803 which supplies the activated 
process gas which is sent from the discharge room 806 in the substrate processing room 808 through the 
sample base 802 where a substrate 104 is set, and a quartz tube 807 to the front face of a substrate 104 is 
arranged. 

[0025] Roots vacuum pump 801 constituted by connecting five sets of the dry pumps 801a-801e to a 
serial is connected to the substrate processing room 808, and the exhaust side of 3rd Roots-vacuum- 
pump 801 of these c and close side 806a of the discharge room 806 are connected to it by the 
recirculation line 107. The bulb 108 and the filter 1 13 are arranged in the middle of the recirculation line 
107. 

[0026] The process gas supplied to the discharge room 806 through control-of-flow equipment 1 12 from 
the gas bomb 1 1 1 is decomposed by the microwave generated in the cavity 805 arranged to the exterior, 
and active species is generated. Although a charged particle disappears by the collision with quartz tube 
807 wall etc. among this active species, neutral particles, such as a radical, pass along a quartz tube 807 
and the shower head 803, are introduced into the substrate processing room 808 as they are, react with a 
substrate 104, and etch a substrate 104. Although the process gas which was not decomposed into active 
species at the discharge room 806 flows into the substrate processing room 808 as it is and it is 
exhausted by Roots vacuum pump 801, the part passes along the recirculation line 107, and returns from 
the middle of Roots vacuum pump 801 to a discharge room again. Consequently, the utilization 
effectiveness of process gas can be raised and there is effectiveness which reduces a production cost. 
(Example 6) Drawing 9 is the outline block diagram shoving an example of a gas decomposition 
processor based on this invention. 

[0027] This equipment incorporates the gas decomposition processor using the plasma further in the 
plasma etching system shown in Example 4 between the bulbs 108 and the dry pumps 106 which have 
been arranged at the downstream of a turbo molecular pxmip 105. 

[0028] This gas decomposition processor consists of recirculation lines 902 which return a part of 
discharge room 901, turbo molecular pump 103 which exhausts and decompresses the inside of the 
discharge room 901, and gas discharged from the discharge room 901 to the upstream of the discharge 
room 901. The cathode electrode 902 is arranged inside the discharge room 901, and the cathode 
electrode 902 is connected to RF generator 909 through the matching circuit 910. Furthermore, the gas 
bomb 91 1 which supplies gas required in order that exhaust gas may be dissociated and processing may 
re-compound to comparatively easy exhaust gas to the discharge room 901 is connected through the 
bulb 912. 

[0029] A part of exhaust gas discharged from the discharge room 901 passes along the recirculation line 
907 by this discharge room 901, and the rate of the exhaust gas decomposed in the discharge room 901 
increases by the recirculation being carried out to the discharge room 901 again at it. In the discharge 
room 901, it is 1 - 500 mTorr. The plasma is generated in a degree of vacuum. For example, 4 
fluoridation **** discharged in case silicon and an oxide film are etched using the process gas of a 
fluorocarbon system is dissociated at this discharge room, and is changed into fluoric acid by adding a 
steam or hydrogen to this. 

[0030] Altiiough the conversion efficiency to fluoric acid is about 10% when not carrying out the 
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recirculation of the emission gas, about 90% of conversion efficiency can be acquired by increasing the 
rate of the recirculation. Thus, after the generated fluoric acid is exhausted from the dry pump 106, it 
can be processed with simple processors, such as wet damage elimination equipment. Since exhaust gas 
was processed by conventionally connecting physical-adsorption-type damage elimination equipment 
with a porosity filter to the exhaust side of dry POIMPU 106, remarkable processing costs had been 
required. 

[003 1] It can become possible to carry out decomposition processing of the great portion of exhaust gas 

discharged, and the burden of the damage elimination facility arranged at a consecutive process can be 

made to mitigate by arranging the gas decomposition processor based on this invention in the middle of 

an evacuation system in an etching system etc. 

[0032] 

[Example] 

(Example 1) The result of the experiment conducted using the plasma etching system of drawing 1 is 
shown below. Drawing 2 uses C4 F8 / CO gas as process gas, and is 30 mTorr about the degree of 
vacuum in the vacuum tub 101. Maintaining, various amount of supply of process gas and openings of a 
bulb 103 are changed, and the etch rate obtained when the oxide film currently formed on the substrate 
104 was etched is shown. 

[0033] C four F8 supplied into the vacuum tub 101 the flow rate of gas 10 SCCM the flow rate of CO 
gas - 200 SCCM it is ~ the time - a bulb 103 ~ a close by-pass bulb completely ~ having carried out - 
a condition - the degree of vacuum in the vacuum tub 101 - 30 mTorr it is - the pressure of exhaust 
side 105a of a turbo molecular pump — 0.2 Torr it was . moreover, C four F8 the flow rate of gas — 5 
SCCM the flow rate of CO gas ~ lOOSCCM(s) it is - the time ~ a bulb - a quadrant revolution ****** 
condition - the pressure of exhaust side 105a of a turbo molecular pump — 0.5 Torr becoming — the 
degree of vacuum in the vacuum tub 101 - 30 mTorr It was maintained. On this condition, since the 
degree of vacuum in the vacuum tub 101 is lower than the pressure of exhaust side 105a of a turbo 
molecular pump, a part of process gas exhausted fi'om the inside of the vacuum tub 101 passes along the 
recirculation line 107, and it once returns into the vacuum tub 101 again, furthermore, C four F8 the 
flow rate of gas - 2 SCCM the flow rate of CO gas - 40 SCCM it is - the time - the thing of a bulb for 
which an opening is set to 1/2 - the pressure of exhaust side 105a of a turbo molecular pump ~ 0.8 Torr 
becoming — the degree of empty in the vacuum tub 101 — 30 mTorr It was maintained. Under the 
above-mentioned monograph affair, although the etch rate of an oxide film decreased the supply flow 
rate of process gas, it was able to be maintained at the almost comparable value. Consequently, the 
consumption of process gas could be decreased and effectiveness was in the cutback of a production 
cost. 

(Example 2) The experimental result performed using the thin fihn deposition equipment of drawing 3 is 
shown below. Drawing 4 is TEOS/02 as process gas. Using gas and maintaining the degree of vacuum 
in the vacuum tub 101 to 5 mTorr, various supply flow rates of process gas and openings of a bulb 103 
are changed, and the rate of sedimentation obtained when an oxide film was deposited on a substrate 104 
is shown. 

[0034] the flow rate of the process gas supplied - respectively - 50/ 100 SCCM it is - the time - a 
bulb - a close by-pass bulb completely - having carried out ~ a condition ~ the degree of vacuum in 
the vacuum tub 101 — the pressure of 5 mTorr and exhaust side 105a of a turbo molecular pump - 50 
mTorr it was . moreover, the supply flow rate of process gas — respectively — 30 / 60 SCCM it is — the 
time a bulb — a quadrant revolution open beam condition - the pressure of exhaust side 105a of a 
turbo molecular pump -- 80 mTorr becoming - the degree of vacuum in the vacuum tub 101 — 5 mTorr 
It was maintained. On this condition, since the degree of vacuum in the vacuum tub 101 is lower than 
the pressure of exhaust side 105a of a turbo molecular pump, a part of process gas exhausted out of the 
vacuum tub 101 passes along a bulb 108, and it once returns into the vacuum tub 101 again, 
furthermore, the supply flow rate of process gas — respectively —10/20 SCCM it is — the time ~ the 
thing of a bulb 108 for which an opening is considered as 1/2 revolution — the pressure of exhaust-port 
105a of a turbo molecular pump — 100 mTorr becoming — the degree of vacuum in the vacuum tub 101 
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- 5 mTorr It was maintained. Under the above-mentioned conditions, the rate of sedimentation of an 
oxide film was not able to be based on the supply flow rate of process gas, but was able to be maintained 
at the almost comparable value. Therefore, the consumption of process gas could be decreased and 
effectiveness was in the cutback of a production cost. 

(Example 3) The experimental result performed using the thin film deposition equipment of drawing 5 is 
shown below. Drawing 6 is SiH4 / 02 as process gas. Using gas and maintaining the degree of vacuum 
in the vacuum tub 101 to 2 Torr, various supply flow rates of process gas and openings of a bulb 108 are 
changed, and the rate of sedimentation obtained when an oxide film was deposited on a substrate 104 is 
shown. 

[0035] the flow rate of the process gas supplied - respectively ~ 20 / 50 SCCM it is — the time ~ bulb 
108 close by-pass bulb completely - having carried out - a condition - the degree of vacuum in the 
vacuum tub 101 ~ 2 Torr it is ~ the pressure of exhaust side 303a of a booster pump —10 Torr it was . 
moreover, the supply flow rate of process gas - respectively -12/30 SCCM it is - the time - a bulb 
108 — a quadrant revolution open beam case — the pressure of exhaust side 303a of a booster pump —15 
Torr becoming — the degree of vacuum in the vacuum tub 101 — 2 Torr It was maintained. On this 
condition, since the degree of vacuum in the vacuum tub 101 is lower than the pressure of exhaust side 
303a of a booster pump, a part of exhausted process gas passes along a bulb 108, and it once returns in 
the vacuum tub 101 again, furthermore, the supply flow rate of process gas — respectively — 4/10 
SCCM it is - the time - the thing of a bulb for which an opening is set to 1/2 - the pressure P of 
exhaust side 303a of a booster pump - 20 Torr becoming - the degree of vacuum in the vacuum tub 101 

- 2 Torr It was maintained. Under the above-mentioned conditions, the rate of sedimentation of an 
oxide film was not able to be based on the supply flow rate of process gas, but was able to be maintained 
at the almost comparable value. Therefore, the consumption of process gas could be decreased and it 
was effective in making a production cost reduce. 

[0036] 

[Effect of the Invention] Since the utilization effectiveness of process gas can be raised by carrying out 
tiie recirculation of a part of process gas discharged out of a vacuum tub into a vacuum tub according to 
the semiconductor fabrication machines and equipment based on this invention, the consumption of 
process gas is decreased and effectiveness is in the cutback of a production cost. 
[0037] Moreover, since decomposition processing of the most part of the process gas discharged from 
semiconductor fabrication machines and equipment etc. can be carried out comparatively easily using 
the plasma etc. with the reduced pressure condition immediately after exhausting from a vacuum tub 
according to the gas decomposition processor based on this invention, the burden of the damage 
elimination equipment arranged at a consecutive process can be made to be able to mitigate, and the 
installed cost and running cost of overall equipment can be reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Semiconductor fabrication machines and equipment which were equipped with the bulb in the 
middle of the vacuum tub, an exhaust air means to exhaust and decompress the interior of a vacuxxm tub, 
and a process gas supply means to supply process gas to the interior of a vacuum tub, and were equipped 
with the recirculation line which carries out the recirculation of a part of gas exhausted by said exhaust 
air means inside said vacuum tub from the exhaust side of said exhaust air means. 
[Claim 2] A vacuum tub, the first exhaust air means which exhausts and decompresses the interior of a 
vacuum tub, and the second exhaust air means which exhausts the exhaust side of the first exhauster 
further and decompresses it, Semiconductor fabrication machines and equipment which were equipped 
with the bulb in the middle of a process gas supply means to supply process gas to the interior of a 
vacuum tub, and were equipped with the recirculation line which carries out the recirculation of a part of 
gas exhausted by said first exhaust air means inside said vacuum tub from the exhaust side of said first 
exhaust air means. 

[Claim 3] Said vacuum tub is claim 1 characterized by equipping the interior with the generating means 
of the plasma, or semiconductor fabrication machines and equipment given in 2. 
[Claim 4] Semiconductor fabrication machines and equipment according to claim 3 characterized by 
having the filter from which the resultant generated inside said vacuum tub is removed in the middle of 
said recirculation line. 



[Translation done.] 
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(57) Abstract: 

PROBLEM TO BE SOLVED: To enhance usage efficiency 
of process gas under a decompressed atmosphere of an 
etching device, etc., and reduce production cost by a 
method wherein the process gas is supplied to the interior 
of a vacuum bath for discharging the Inside and 
decompressing and a part of exhaust gas Is recirculated 
from the exhaust side to the interior of the vacuum bath. 

SOLUTION: A nozzle incorporated into an anode electrode 
103 In a vacuum bath 101 is connected to a gas bomb 
111 being a supply source of process gas, and the 
exhaust side 105a of a turbo-molecule pump connecting 
with the vacuum bath 101 is connected with a dry pump 
106. Further, in the intermediate side of a recirculation line 
107 provided between the exhaust side 105a of the turbo- 
molecule pump and the vacuum bath 101, a valve 108 and 
a filter 113 are disposed. A part of the process gas 
discharged by a turbo-molecule pump 105 from inside of 
the vacuum bath 101 Is returned to the vacuum bath 101 
through the redrculation line 107. A ratio of this process 
gas recirculated is adjusted by the degree of opening of 
the valve 108, 
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[O O 0 4] 

^^^^Lx^EEi-^m^^mt. M^mcDP^mz-^a 
mtmm,^mz^':>xm%^htzii:^(D- 

[0 0 0 5] ^tc. -mM^mt^m^^^^^mwsi'itm 

-outsit 

[0 0 0 6] ::^^X•7x*:/^>-ifgS(D^ilc. 
^ * *t CD 4^ MIBSttfi ^ SffiSSS <t (DM JS (r 

[GOG 7] *^0J-e(i. (S&'5L^^*jIall^) ^ 

«fc||Siis*i±i,ztf-cfcy. ::''p-bx:«'7.a)?ijffi3a)^ 

[0 0 0 8] ^fr. *I^H^<Dm/Sf^. :/^Xv^^LNT 

S^m^^ir o r BtllB^Sa^^cD F^^T^N b ^^^^ ^ tttz :^fx 
[0 G O 9] 

[0 0 10] ccDT^^x-^x^j/^^^'^aii, K^ai 
-Km^si o3;{)^^,^}tia^F;|^i>¥^T¥^ss0::^^xv» 

^^a^iS^. r/— Km^Sl O 3frfi7:fp-{zx:b'x^ 
tt$&-r^y X;U;!)<ffl,?^5XSn. :tiy-Km*l1 O 2±(:: 
A<St5l 0 4/)<-b*y hStl^o ry-Kmffil O 3(cffl 
<5^ii**ifry X;Kc(i. yfiaSia^ai 1 zi-ffLxy 
P-lrX:^-X(Dtt*&;lST*fc-5^*X7t-C>>Ci i i 



(3) 



^^Ba^9 - 2 5 1 9 8 1 



[0 0 1 1 ] M^m^ 0 1 \z{^^—7fs^^7\(:yzf^ o 5 
tmmtti. -^i-TK^^T-TKvz^cDiifafflij i o 5 a rcr* k 

^^tKv::^ 1 0 6MgslS^tL-ci>'5)o Mfc. ccDSM-r? 

^-7K5J'^;?K>3^(D}*a<|iJ 10 5a t M^m^ O 1 

i:(DPBirc:^ffiS^^>l 0 7;b<lftltf,*i-cfcy. :B8iSa 
^-0 10 7CDii*frfi/<;u3J^i o 8Rify^)V^ i i 

[0 0 1 2] ^^Si o 1 a)[^gp;^l^t>^— 7tx*5^^^;K>::^ 
1 0 5fCcfcorSftastifc:^p-izx**;^a)-SP(i. n® 
S^-<>i oT^iiora^^ii o i^M^+v-So CO 
S®^*H'6::^p-tr;^:^*X(7?iij^(i. /\';u3^i o sogg 
Sl::J:yiaS*tL^o StoT. K^a 1 o 1 f*i<;)KSS 
f*. ■b'p-fex:tfxcDet*&i)fLS:Rt;/<;u:?i o scDigjtiz 

^k)mmtEti^o ^tz. ^^ai o i(DrtajT*:^p-trx 

**X<5:«j5!iSS*51 0 4i:(DJSl£lCcfcoT^SLfcqR^ 
>i o 7a)i^4i(riBg*4xf-:7>r;u$r i i 3lzj:or» 

[0 0 13] zommi^m^mit. M^m i o i p^izm 
a*^ifc* v— Kmei 102. RxfM^m 1 o 1 cons 

mzyj^^xmrn^htzm^m^mT^^i- 2 o 1 7^)^b« 

0 4}b<-tr»:/ h**t^:^ V— Km^ii o 2lc(i.^?'*>^> 
^/lUKi 1 O^^LTBHiSaaSi 0 9A<}SSJ**i. S 
^S^^T:>5^:^2 o 1 v^>5^>yi5]S2 o 2 S 

[0014] cco»Kiia«ST?i*. mMZTTiLfzmt 
M^m-i 0 1 ^cli^-7^:^^7K>3^1 osjb^s 

I^Stt. -5^— 7K^^;K>::^(7)g^Sv<Hi 0 5a[c(iK^-< 
y\i>zfl O 6)^^<^^S^3Ft^rl^^o Mir. zcDgg-cf*. 

-$i-/-K5i^^7K>3fc7)g^^{liji o 5 a tM^m^ o^ to 

>1 o 7 (om^izit^ ^ o at<^m^tixi^^. * 
p-tzx**xo«*&3gT?fc**'X7P:^/<i 1 iA<Sgj3F*i 

[0 0.1 5] S2g«i o ia)i*3g|5;5NP>^~7p»^7K>::f 

1 0 5lcJ:orj*Sl^tL/r7^p-tzX:^''XO-~aJ7b^ 
S^^>i 0 7^ffiorE^ai o i--^*tii>c:<t. 

K^ai 0 1 P^(OM^m^<. 7^p-trX:^*;^cDtt*& 
fl:ai;/<;U3^1 0 8CDr?FlJtl::efco"CillSaF*i'S-i:f*. 
El l::^L/c^5iJi:l^tiT*fe'5)o 

^■r »jKiSfflsa<D«Ess«^Ei -c? fe o 
[0 0 16] zommmn^mit. K^moip^ir. 
i:cM::*ffa]-r^r/ — KSffi3 0 1 si/* v- Km*S3 



o 2;&^t,flt^^F^iS^F^T¥}ss^<7)::'*^x^*;5Esa^^i 

X.. . StSi o 4l*Ty — K3 0 1 (D±lZ-\z-j h^tl. 
:^ V— Kl:S3 o 2fr(*, -^^v^^-^^'IHlKl 1 o$:rt-L 
rSSjgjfimi o 9A<^^^S$^^Tt^'5o :;bv— K 
mtl3 0 2{zfi, ::^P4zx;^rx^{tt$^'r'SyX;u;b<jffl^ 
j^^^xi^^o :iiiih(Dy XMzit. ;)SM^^J»Sa1 1 
2^^^Lr::^p■bx:^•xc75«$&;^5-efc^:^•X7^:>K1 1 

[0017] CCD^MitfS^aTrfi. a^ffiioifzli 

3<Dm^m3 0 3 alZltF'y^TlOzfl 0 6f3<mn^*l 
TL^^o Mf::. ::^-x^7K>::^(?5S^^flij3 0 3 a <hKS 
ffll o 1 «l:CorBl(::Sii^^-r>1 O 7 ;!i<iSIt'=>tirfc 
W®H5-<>1 0 7(o^*f-f*/<;u::f 1 0 8;b<ifta 

[0 0 18] K^ai O 1 <D[^S^t^i^y~7.^7t(UZf3 

0 3{z^r:>xm%^Mz'::fU't:^:^::^(D-m<^ Wmm 
^-f>i 0 7*aora^ai o i^M$*v-5 s. 
Xf. K^Si o 1 P*^(DS^jg;{)^ ::^p-tiX:^fX(D«*&;^u 
a:Ri;/^;u:?i o 8(;)§flj^fCckyiig*tU'5c:tfi. g| 

1 &i>LMiS2fC;^LfcW<*:Pfi|-ea5)^o 

(^J4) ll7f*. :*:^B^l3S<#^i*S3t^aco-«^ 
3^ ^ X *y ^ > y^acDSig^giS!!! T' & ^ o 

[0 0 19] z<Dzf'yX'^3^^:/^><fmm{t. n^m^ 
-Kmsi o 3f)^h>mf&t^^Wi7W-^m<Dzf'yX^n 

±3^a^iS^. :^V— Kmill 0 2(c(iSffi.i 0 4A<-fcr 
'vhSti. Ty— KStli o 3l:if*:;fp-irx:^*:7.^«$& 
-r^yX;^;^)<Jffl^^x^;^^rt^'g>o K^ffll 0il::fi^- 

stfiijio5a(*. \^=7^7^(>y^ oe(o^&xm\zmmts 

Hxi^^o 

[0 0 2 0] mz^ ZO^mXit. ^-7K^^7K>^C7) 
g^SvfiiJI 0 5 ai: K^-f7K>:;^1 O 6CDfliiAfiiJCDFBliC/'C 

;u:?i 1 6;5<aif :^S3a^-f >i 0 7i*. z(Dj< 

Ji.y^ 1 6 0±5S{RiJ<!:a^ai O 1 tCOWzWUf^iiX 
l^^o ^fr. :^^^5^>i 0 7(Dm^{zity<)\^y'] 0 
aJSiXfy^ji^^ 1 1 3;ti<sa*tiri>^o :i<r>m. *v 
— Kmill O 2ir(iv»>r^>^'[ElS§l 1 o^ift^Lxmrn 
y&mM 1 o 9/)<|g3BS^ix. yy — Km41 1 o 3 izja^jX 
^*t/i:yX;ur(i3gfiSij(»^ai 1 2$^Lr3fp-fe;^ 
:tr;^co«*&3l-efe^:tfx;t?>/<i 1 1 7^)<s^^^*^rt^ 

[0021] S3gai 0 ^ (D^S^^-^^^—Tf.^i^n^^zf 
1 0 5fc^orS^ft**i^c:;^p-fex:^f:;^co-a5;!)<. 
S^Y>i o 7^fiorS^ai o 1 --v]^'^ti-&c<h 
I*. ±td(D^mtfs\mx&^t}<. ^zommxit^ ±ts,<D 
^mtitmtjii)^ ssffli o 1 p^oM^mt. z^p-iz:^. 

:h'^(Di^i!^m.. /<;u:^i o 83tt//<;u7^i 1 eoBljSf^ 



r 
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[0 0 2 2] ^TIC. CC7)3^®$ffll^fcJ:»:/^>'>*COX 

fIlc-^t^•Clft0^-^-'5o 5fe-r. ^-7K^^^7K>3f 1 0 5^ 

K7-r7K>:^i o 6 t^ffll^Ta^^i1 o i p^^m^r 
::fp-trx:^'x*a^ai o i r^^fitJgLr. 
a^ffll O 1 rt^Br^CDS^JtlclSS-r'So ^fr^ffiU 
X-7|^^3SS* ffl IN-C XT ^ Sg^fe $i±i><t 

>:^i o 6<DqRAfflJcDy\*;u3^i 1 e^mnb^o c<7)b$. 
^-;p»^7K>::f 1 o 5(c.fcorgtaj**xtc:/p-trx:^j- 

7.it. ^M^^OI 0 7^iloT. HI/. Sffiffll 0 

(is W^^^-f >1 0 7<D>^*|clB®$tLfr:7^;u^ 1 
1 6lcJ:oTlfty»/,%*t, ttSai O 1 rtlzfizSAL^C 

0 6S3llEr^iesg;Ji<7^j:</j:y. Mic. zfa-^T.iST^cD 

[0 0 2 3] MIC. Z.(DZf^JU^ 1 1 6«hLT®$|^f^^ 

cofe-SigaM. -giJ^fS. Pt (3^^^:^) . Ni 

■r^ci:;b^-e*i)o C(7)j^. 3^P-trx:^*X(iK^Sf^(c 
Ht;5SA'r^;&^ affi*t3|sK*^iS:7^;L.4^ 1 1 eiccky 
qRS**tr. asartlc3SA■r'Sci:^i^j:l^o c*i(Ccfe 

[0 0 2 4] ::co^M(i, teS^ a o 6 <!r Sffi^^^ a 

L^^o j5ka^8 0 6(*. ■7^<7Pat$^i$-li-Si|rA'e 
^< 8 0 5(D*|ZlIX§$n. ^-VlfT^f- 8 0 5(C(iV^ 

^P;'Smil8 0 4 7b<S^$;^Lr^^5o ^fr. ftmMa o 

l&;ll-Cfe^:b*X7K>Ki 1 -[tmm^itxi^^o 
^^8 0 8i^g|r(i. Sffil 0 4;!)<-b*:; h*ti^l34*4^a 
0 2. iRUl^BfS^ea O 7^^t-LTSfemS8 O 6^b3^t) 

tL-sstt^bStifc^^p-bx^'x^Sfii 0 4a)a®rcet 
[0 0 2 5] StsSftHMa o aicii. 5-&a)K^-<7K> 

::f8 o 1 a-8 o 1 e^m.mizmm't^^ztizjz'Dxm 
mso e Btt^nmm'y^^^ oiizji-Dx^mtstix 

1 1 3 7!)<iB©^;K-CL>'5o 
[0 0 2 6] iSX7fs:y^^ i ^ f)^p,^,miUm&m^ i 2 
^^^LTttBSa 0 6irtt$&*+if-:?p-tTX:^-xi*. 
conajfrig®^ti/--^-\' tfT^-f 8 o ex^^i-^-^-C ^ 



fI(D(^. l5Sia^l*5^e8 0 7||>Si:<t(0Wg5(Ccfc-:> 

S^a 0 8rt^#AS:+t. Sffil 0 4<tJSJCLrSt5l 

O 4^X':;5^>^-ir'i)o JSm^s o 6T*;?&ttfl(c:9^^$ 

H^^:*^-^/c:;^p•t2X:yxl*. ^(7>^^S1siail^8 o a 
'^asAur. ;u— ':/7K>::^8 o 1 iCcfcyfim$:tX'S)3{j<. 
■^cD-aiii. ^^'TK^z^a o i co4»S;5^e>. 

-oi 0 7$ffior. mxs. ikmrn^m^a :i(d^^^ 
me) m9{^:^^BM{zm<ii:!^^Mmmmmi(D-m^ 

[0 0 2 7] CCO^Sf*. «lj4T?^Lfc3^^Xvx*v5=- 

ieS*tifc/^;u3^i 0 8 K^-T^Kv^^i o 6 torn 

[0 0 2 8] zcD^^x^m^mmmit. jam^soi 

i:. ]am^9 0 1 P^^SfmLTMEE-r-S^-TK^a^^^TtO 
:>'l0 3i:. ftSS9 0 1;&^^>g^ta*4^fc:t^X<7)-SP$ 
ttm^ 9 0 1 (D±^imizm^n^^'y'< ::yQOZtt^h 
««^^^-C^^'5o jftBm9 o 1 cDF*qa5fz(i:^v— KmS 
9 O 2;&^iBa$*t. *V— KmS9 0 2(i-7':;^><f[Hl 
SS9 1 0^:frLTigi^;gm;ll9 O 9 |c}^S$tl■Cl^'g>o 

M(c. scmm.9 o 1 \z\t. mf2:^^Mm\^. ^mt^\tm. 

^**X7K>K9 1 itJ,^ /ij\^yQ 1 2^:ft^LTtS^S*L 

[0 0 2 9] C(DScm^9 O 1 -ei*. ijcm^9 O 1;!)N<i 
S^ai$ttfcg^*-X(D-g|l*<. W#^^^>9 0 7^ilo 

90 1rt-Cf*> 1-5 0 0 mTorr C0E^Jglzfcl^■C3f 
-tr X I NT V U n >-\b^jbM * X ^> ^ > ^--r ^ 

[0 0 3 0] J*ffi**x*H'^S$i±75:iN^^(cii. 

^(o^^^^mlt^ o%fiS"efc^*<. :^2is^ifiiA?>-r 

^ic J: oT 9 0%?I^O^^a^^^#'5 Ztt<X^^o 

mz^^)iiim't^o.tt<xt^o ^^\t. k^^tK-i-v 
oecDm^miz. §^Kmy^)i^^\z^^^m^Rm^ 
o^m&m^tm-t^ ztiz^-D xm^ST. ^ ^aai l r t^ 

[00 3 1 ] :*:^B^fcS< :b-x^^S?<ias^M=£. x>v^ 



(5) 
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[0 0 3 2] 

L-CC4 F8 ycOiiT^^^mLX. S^*i 1 O 1 P^CD 

fit*&a&l/^<;u:3ri 0 3<DB3JS$a>!?. ^ibSF-fr-c. & 

[0 0 3 3] O 1 F^-v^|&-r^C4 F8 :^*X<7) 

/l£fi;5<1 O SCCM X. C 0:^*XCD5SM;5<2 0 0 SCCM <0 
1 o a ^^KicLt=<^®r*. S^ai o 1 

(DM^mit 3 0 mTorr X^ 1? -7K$j^^7K>3^(D^afiiJ 
1 0 5aOff*Ii0. 2 Torr X&'ofz. C4 F 

8 **XC05Sfi;6<5 SCCM "C. C 0:tfX(DaM3()< 1 O OSC 

CM (om. ^<)\^y^4i^<D^^mM^tz^mx. ^-n^ 

i^^7t^>y<om%m^ OS a0E,tiltO. 5 lorr ttji 
S^ai O 1 rt<7)S^S(i3 O mTorr (c^^^;^ 
y-co C(D^ii|iT% KS^I O 1 m(DM^mt<^—7f.^^ 

Tt^i^yom^m^ o 5 a(Di±:^cfcy t,^st^a)T% -m. 

KSai oirtckySfa$ixfc:;^p-bx*-;^(D-SPfi. 
Mmm^^>^ 0 7^iior. :gi;H^«i o 1 1^-^]^ 

-So Hi::. C4 FS iS7.<D^m.t<2 SCCM T*. CO^'X 
a)3Efi36UO SCCM (DB$. /^;u:^^(DBajg^25i'(D1 iz-t 

^miz^i). ^-7\i^^7fs:yzr(Dm^m^ 0 5 a<DE.ti 
liO. 8 Torr ttji^j. S^tf T O 1 p^^jgfi 3 O mTo 
rr izm.ntStifzo ±iB<7>#^f*a)T. S{kM<Dx^:/^ 

(lltfi«»]2) Iil3(7)3ISIitS^M$^t^T^7ofrl|g|^S 

/02 ^•x^fllfflLr. S^Si O 1 l^(DS^g* 5 m 
Tor r |::ft^ Ltj:f^^i^. ya-\i7. :b*x (0«$&aSaSi;/ 
::^i o 3CDgf1S$a>!7. ^it^^±x. &m^ 0 4±\zm 

[0 0 3 4] tt*&$tt'S3^P-bX*-X(D35fi3&<-?-:K-?tL 

5 0/1 oo SCCM (DB#. /<;u::^^±p^(cLfrtt^r'. 

m^Sl 0 1 rt<7)S^jeii5 mTorr. -5^— tK^^^^tK^^^ 
<7)Sf^ffli)1 O 5 aOE^(*5 O mTorr -efcofco * 
fc. ::^P-trX:/3X(Dm$^;jSa7b^-?-ti-?ti3 0/6 O SCC 

M a)B#. /N*;u3f^ 4»(Di iHifErjfiit/rtt^r'. "s^-yf.^ 

l'7\^>zfa)W^m^ OS stCDEEMtaO mTorr <b:7£i: 
y> Sffiffll O 1 rt<DH^Sfi5 mTorr iz^ntsH 
fzo :l(D^WX. S^ai O 1 P^CDM'&m^'^-^si^l^ 
7tf>:^cos^mfiiji o 5 acDiE^cfcy«i^cor% -M. m 



^ai 0 1 F*g;!)>f,|*§i$;|xyi:^P-{2X:^*X(7)-aj|i. 

)V^^OB $iio-c. 1 o 1 P^-^m^o M 

iz, :^P42X:^'x<7)ift$g»Sa;6<-ieix-?^xi 0/20 SCC 
M co^. /N*;u3J^i 0 8(7)BajS* 2«'C0ilHl$K^-r«>*l:: 
cky. 7fC:»^^7t^>:;f column 1 0 5aOE:^(^i o 
O mTorr tf^^) ^ 1 O 1rtCDK^JSl*5 mTorr 

P-tzX:^*XCD^*S;j£MlCcfct,-r. (5lS|5]|iJtcofiS(z:So 
C<t:3b<T*^fco (a^oT. :^P-tzX:b*X<7)>M§a^Md/^* 

^S-iaTfc^-To Heii. 3fp4zx:^^x<b LTTS i H4 
/02 :^*x^fi6fflLr. K^S 1 o 1 i^(DK^g$-2 T 
or r lz$t}# L ^ . p -fe X :^-X (7)«t*&SSfi3l i// \*;u ' 
3^1 o 8(D||jt^a^. ^^k*i±r. Stsi 0 4J1ICM 

[0 0 3 5] «*&*4x^3^n-trx**X(03Se7!)<^H^H 

2 0/50 SCCM <7)B#. 1 O 8 :i:E^fc Lfrt^^ 

ESSi O 1 f^c7)K^g(i2 Torr tf. X^tK 
>:^(Dgt^fflij3 0 3a(7)l±:^{*1 O Torr X^^fco ^ 
fc. 3^D-feX**X(D«t«&aEa3E)^-€-*L-?+Ul 2/3 0 SCC 

M 0)^. /\*;u::fi 0 8 ^453^0 1 iHl$Er?8(tfc^^[c. ::f 

— X$r/K>3^(Dj*^flij3 O 3 a(DBE*(*1 5 Torr tf^ 

a^«1 O 1 rt(DS?gS(*2 Torr IC3S^$:ttt-o 
c:o^#T?. K^Si o 1 i:^c7)S^jg7!)^::f-x^7K>::^ 
(7>St^fiy3 0 3 a<z>E:t»cfcy *fiiNco-e. -H.. il^m* 
+Lfr::^p-bx:b*X(Z)— gpii. /<;u::^i oa^ilor. n 
rs. K^ai o 1 \f^{zm^o miz^ :/p-trx*''x<D«t*& 
S£fi;6<-^*i^ti4/i o SCCM (D^. /Oi^yomi^^z 

i^co^ t'T^ztiz^i'j^ 3f--x^7K>:/a)gfm{|iJ3 0 

3 a(DE.^Plt20 Torr irfty. 1 0 1 P^OM 
^mt2 Torr \zm.W^Mzo ±ie^#(7)T. ^^bMcD 
ita5lSfi::^p-tzX:b-x<7)St$&5Sai::cfet)-r. (Sf^lajfl 
momiZ^k-OZtib^X^tzo ^oT. 3fP-t2X**X(7>?S' 

[0 0 3 6] 

a^aF^75N^^ai*^xi>3fn-tzx:tfxcD-a5?. M^m 

P^^Mmm^'^^Zt\zJ:'oX. :/P-bX:trxco?iJ^a 
^$Si6^*;5<-e*^co-e. 3fP-teX:^'X(75;S'Sa^3a 

[0 0 3 7] *^B^lca<:b-X:^^fi?^S^fi(Ccfc 

®(7>^^. :^^X'^m^mi^xitm^. ^^izmmm 
-r^ztt^x^^ox. ^km<oj:miz^m^ti^^m'^ 
mti:t'(Dnm^mm^-\±^z,tt<x^. :^(*w*fge<D 

-So 
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[1212] 1 lc;Jfv'r::^^X'7x-vT><f^airfci>T. 



[114] 1113iciFt-»miia^SSaicfciNr. 3^a-tr 

[US] *f§H-a(cs<aiisit«SB<o-0tj$^^aBS«t 
[gi6] sisic^.-ra^iiffigMSSicfciNr. yu-iz 

[08] *^^afc»<^';?>:7o-x-v^><fSa(7>- 



10 1- • • M^^. 1 o 2 

3 • ' • yy—\^mu. 1 o 

• '$'-7R«'^7K>3^. 1 o 6 

7 ■ • • 1 o 

• ■ ;gil;fi®;7S. 1 1 O • • 

• • • itfXTKVK. 112- 

■ ■ • 37 ^;u^. 1 1 6 - - 

m^-BMT^'r'^. 2 0 2- 

3 ■ ■ • mm^&mm. 3 O 1 

2 ■ • ■ * V— Km*i. 3 O 

8 0 1 • V' ;u~*>7K>3f. 

3 ■ • • iy^rr?—^^y K. 8 
ag. 8 O 5 • • • ^^^fT^^- 
O 7 • • ■ 8 0 8- 

■ • ftS^. 9 0 2- • ■ 
^f-Tn^^TKV^f. 9 07 • 

■ • ■ /<;U3f. 9 O 9 • • ■ 
■7»>^>y[ElK. 9 1 1 • • 



±y— K®*!. 1 o 

• Sffi. 1 0 5 ■ ■ 

K^^tK^::^. 1 o 

8 • • • /^Jl^y^ 10 9- 

• •7*:/5^>^"'[h]S8. 1 1 1 

• • ^iMum^m. 1 1 3 

• /<;U3^. 2 o 1 • • ■ ig 

• • '^^y^:><f^^^ 2 o 
■ • • T'/ — 3 o 

3 • ■ • y-T.^n^^zf. 

8 0 2--- tAn-^. 8 O 

04 • • • ^-f^PifiS 
. 8 O 6 - ■ • JSSC®^. 8 

• • 1^*455^^. 9 0 1- 

V— KSii. 9 O 5 ■ • • 

• -SSS^^^^ 908 

9 1 o • • • 

• *'X7K>K, 9 1 2 • • 
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